BACKGROUND: Postoperative pain remains a significant problem despite optimal treatment with current drugs. Nonsteroidal antiinflammatory drugs reduce inflammation and provide analgesia but are associated with adverse side effects. METHODS: We tested low doses (0.5-5 mg/kg) of parenteral ketoprofen against pain-related behaviors after plantar incision in rats. To further evaluate the potential sites of action of ketoprofen in our model, a novel, sustained-release microparticle formulation of ketoprofen was placed into the wound, and tested for its effects on pain behaviors. Intrathecal ketoprofen (150 g) was also studied. Plasma samples were assayed for drug concentrations. RESULTS: We found that low doses of parenterally administered ketoprofen produced a modality-specific effect on pain behaviors; guarding after incision was decreased, whereas no inhibition of exaggerated responses to heat or mechanical stimuli was evident. Very low doses, 0.5 mg/kg, could produce inhibition of guarding. The locally applied sustained-release ketoprofen-eluting microparticles and intrathecally administered ketoprofen also produced a modality-specific effect on pain behaviors after incision, inhibiting only guarding. Plasma levels of ketoprofen after parenteral or local administration were in the range of therapeutic blood levels in postoperative patients. CONCLUSIONS: This study demonstrates that ketoprofen is an effective analgesic for nonevoked guarding in rats after plantar incision. There was no effect on mechanical or heat responses, which highlights the importance of multiplemodality testing of pain behaviors for drug evaluation. We found efficacy at doses used clinically in postoperative patients.
Therapeut ic interventions aimed at reducing or eliminating postoperative pain are largely centered on opioids, nonsteroidal antiinflammatory drugs (NSAIDs), and nerve blockade with local anesthetics. Despite treatment with these drugs, postoperative pain remains a significant problem both immediately after surgery and, in some patients, it serves as the initiating event for chronic pain. 1 New treatment strategies that are effective with limited side effects need to be developed. One avenue to accomplish this is to reduce pain by modifying nociceptor sensitization and perhaps reducing unwanted systemic or central nervous system side effects.
Ketoprofen has been used for the treatment of postoperative pain in patients. 2 Ketoprofen, in doses of 1-2 mg/kg, consistently reduces pain and/or opioid requirements after many types of surgeries. [2] [3] [4] [5] [6] [7] In contrast, when ketoprofen is used in rodent postoperative studies, much larger doses (5-100 mg/kg) are administered. 8 -11 This suggests that there are shortcomings in translating from rodent postoperative pain models to clinical postoperative analgesia. Furthermore, such disparities in animal and human dosing may, in part, underlie some of the problems in analgesic development.
In this study, we investigated the analgesic effect of ketoprofen on pain behaviors after plantar incision. We used 3 routes of administration: parenteral, intrathecal, and locally into the plantar incision to determine the site(s) of action. In our previous studies, we have found guarding pain behavior to be modifiable by clinically relevant doses of morphine. 12, 13 Because From the *Department of Anesthesia, University of Iowa, Iowa City, Iowa; and †TyRx Pharma, Inc., Monmouth Junction, New Jersey.
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Dr. Spofford did the parenteral ketoprofen experiments and wrote the article. Dr. Ashmawi performed the intrathecal ketoprofen experiments. Mr. Subieta performed the local ketoprofen experiments. Drs. Buevich and Moses constructed the ketoprofen sustained-release preparation and consulted on experimental design. Dr. Baker measured the ketoprofen levels after parenteral administration. Dr. Brennan developed the model, constructed the experimental design, supervised all aspects of data collection and analysis, and edited the manuscript. this particular guarding pain behavior and its response to low doses of other drugs may have strong clinical relevance, we further examined possible sites of action of the drug against these behaviors. First, to determine whether a peripheral site of action is possible, a locally administered sustained-release (SR) formula was placed inside the wound after the incision was made, and pain behaviors were measured at varying timepoints. Second, to determine whether a spinal site of action is plausible, the lowest dose of ketoprofen active parenterally was administered intrathecally; again, pain behaviors were measured. Both were compared with the standard route of administration, parenteral. Plasma levels after local and parenteral administration were measured.
METHODS
This study was approved by the Institutional Animal Care and Use Committee at the University of Iowa. Male Sprague-Dawley adult rats (Harlan, Indianapolis, IN) weighing 275-300 g were housed with a 12-h light-dark cycle. Food and water were available ad libitum. All rats were killed at the end of the protocol. We used 73 rats: 7 rats per group underwent intrathecal administration, and 5 rats per group underwent local and parenteral administration. We removed 4 rats from the intrathecal group because of epidural catheter placement (1 rat) and catheter dislodgement (3 rats). Data from all other rats were included in the analysis.
Plantar Incision
The rat hindpaw plantar incision model was performed as previously described. 14 Briefly, rats were anesthetized with 2% halothane or 2%-3% isoflurane delivered via nose cone. The plantar aspect of the right hindpaw was prepared in a sterile manner with a 10% povidone-iodine solution and draped. A 1-cm longitudinal incision was made with a number 11 blade through skin and fascia of the plantar aspect of the rat's paw, starting 0.5 cm from the proximal edge of the heel and extending toward the toes. The flexor muscle was elevated and incised longitudinally and the muscle origin and insertion remained intact. After hemostasis with gentle pressure, the skin was apposed with 2 mattress sutures of 5-0 nylon on an FS-2 needle.
Pain Behaviors
Each rat underwent 3 pain behavior tests: guarding behavior, heat withdrawal latency, and mechanical sensitivity. Tests were always performed in this order each day by the same tester. In all experiments, persons who performed the tests were blinded to the dose of drug or vehicle administered.
Guarding Behavior
A cumulative pain score was used to assess nonevoked pain behaviors as described previously. 14 Unrestrained rats were placed on an elevated plastic mesh floor (grid 8 ϫ 8 mm) under a clear plastic cage (21 ϫ 27 ϫ 15 cm). The incised and nonincised paws were viewed. Both paws of each animal were closely observed during a 1-min period repeated every 5 min for 1 h. Depending on the position in which each paw was found during the majority of the 1-min scoring period, a 0, 1, or 2 was given. Full weight bearing of the paw (score ϭ 0) was present if the wound was blanched or distorted by the mesh. If the incision was completely off the mesh without any touch, a score of 2 was recorded. If the area of the wound touched the mesh gently without any blanching or distorting, a score of 1 was given. The sum of the 12 scores (0 -24) obtained during the 1-h session for each paw was obtained. The difference between the scores from the incised paw and nonincised paw was the cumulative pain score for that 1-h period (ranges from Ϫ24 to ϩ24).
Responses to Heat
Withdrawal latencies to heat stimuli were assessed by applying a focused radiant heat source to the unrestrained rat placed on a heat-tempered glass floor. The heat stimulus was a light from a 50-W projector lamp, with an aperture diameter of 6 mm, applied from underneath the glass floor (3 mm thick) on the middle of the incision. The stimulus intensity was adjusted so that sham rats withdrew to the heat stimulus after 10 -12 s. The latency to evoke a withdrawal response was determined with a cutoff value of 20 s. Three trials 5-10 min apart were used to obtain average paw withdrawal latency.
Responses to Mechanical Stimuli
Rats were placed on an elevated plastic mesh floor covered with a clear plastic cage top. The animals were allowed to ambulate, explore, and eventually rest lying on the mesh. For testing pain behaviors, von Frey filaments (thin plastic filaments with calibrated forces) were applied underneath the cage adjacent to the wound. Each filament was applied once starting with 10 mN and continuing until a withdrawal response occurred or 250 mN was reached. If a rat did not respond to the 250-mN filaments, 522 mN was recorded as the next filament. This was repeated 3 times with a 10-min test-free period between withdrawal responses. The lowest force from the 3 tests producing a response was considered the withdrawal threshold.
Drug Preparation
Parenteral administration of ketoprofen (100 mg/mL, Fort Dodge Animal Health, Fort Dodge, IA) was injected subcutaneously using a 25-gauge needle attached to a 1.0-mL syringe. Injections were made in the back of the neck in various doses (0.5, 1, 5, and 10 mg/kg) diluted in preservative-free sterile 0.9% saline to a final volume of 0.5-0.6 mL.
Three formulations of SR microparticles containing 3 different concentrations of ketoprofen in a matrix of Vol. 109, No. 6, December 2009 bioresorbable tyrosine-derived polymer (Ketoprofen SR) were prepared by TyRx Pharma (Monmouth Junction, NJ). The formulations were designed to release drug for at least 3 days and no more than 7 days. We placed the Ketoprofen SR or control polymer microparticles (no drug) into the wound at the time of surgery. Each SR release ketoprofen microparticle dose was 9 mg and contained 5%, 20%, or 40% ketoprofen by weight. Bioresorbable microparticles containing no drug were also prepared and used as a control.
Ketoprofen for intrathecal administration (Sigma-Aldrich, Saint Louis, MO) was reconstituted as 50 mg of ketoprofen, 3 mL of water, and 0.2 mL of 1 M NaOH until dissolved, and the pH was slowly adjusted to 7.4. The final volume was increased to 5 mL, resulting in a final concentration of 40 mM NaCl and 10 mg/mL ketoprofen. The solution was filtered with a 0.2-m syringe filter. The volume of drug injection was 15 L.
Intrathecal Delivery
Intrathecal catheter placement was performed for subarachnoid ketoprofen administration as previously described. 15 Under isoflurane anesthesia, the rat was placed in a kyphotic position, and a 3-cm longitudinal lumbar skin incision was made along the midline at the level of the iliac crests. The lumbar fifth and sixth intervertebral space was punctured with a 23-gauge hypodermic needle. Penetration into the subarachnoid space was indicated by a tail flick or hindpaw retraction. A 10-cm-long 32-gauge polyurethane catheter (Micor, Allison Park, PA) was threaded through the needle cranially for approximately 3 cm. The 32-gauge catheter was fixed to the fascia and connected to a PE-10 catheter (Becton Dickinson, Sparks, MD) and tunneled under the skin to the nape of the neck. The catheter was flushed with sterile saline and closed by heating the plastic. The dead space of the catheter was approximately 5 L. Before each injection, the heatsealed catheter tip was cut off and injections were made with a sterile needle and syringe. To confirm the catheter location, a lidocaine test (2% lidocaine, 20 L) was performed after the animal emerged from anesthesia. All drugs were flushed with 10 L of sterile, preservative-free normal saline. Experimental protocols began on Day 3 after intrathecal catheterization. At the end of the experiment, 30 L of methylene blue dye was injected intrathecally followed by spinal dissection to confirm the location of the intrathecal catheter. If the lumbar spinal cord did not stain with the dye, the animal was excluded from the study.
Experimental Protocols
In 1 group of rats, ketoprofen was administered parenterally. Saline or various concentrations of ketoprofen were injected subcutaneously, and rats were allowed to rest in their cages for 30 min after injection before undergoing plantar incision. Based on previous pharmacokinetic studies in humans and rats, 30 min would allow for some effect of ketoprofen at the time of incision, and likely a peak effect at the time of pain behavior testing. 16 -18 On the operative day, rats were tested twice, at 2 and 4 h after incision. Subsequent behavioral testing was performed 2 h after repeat injection of ketoprofen or saline on postoperative days (PODs) 1-4. Rats were tested for 5 days and then killed.
In a second group of rats, Ketoprofen SR or the no-drug control microparticles were applied into the wound before closure. The onset time of this experimental drug is not known; however, based on previous studies in humans and rats, ketoprofen's effects would likely be present with application into the wound and reach peak effects at 2 h when behaviors were studied. 16 -18 There were 6 groups studied. Three groups received 9 mg of Ketoprofen SR (5%, 20%, or 40%) into the wound and 3 control groups that consisted of: nothing in the wound, 9 mg of control microparticles alone placed into the wound, and 9 mg of 40% Ketoprofen SR (40% Ketoprofen SR) placed subcutaneously under a small incision at the neck. The rats were tested 2 and 4 h after incision, twice on POD 1, and once on PODs 2, 3, 4, 6, and 8.
In a third group of rats, intrathecal ketoprofen was injected. There were 2 groups studied, the intrathecal ketoprofen and vehicle control. Thirty minutes before surgery, animals received either 15 L of ketoprofen or vehicle intrathecally. This allowed for some effect of the ketoprofen at the time of pain behavior testing. 16 -18 We administered ketoprofen at a dose of 150 g/15 L. This dose (150 g Ϸ 0.40 -0.45 mg/kg) was slightly less than the lowest effective dose administered parenterally (0.5 mg/kg). Animals were tested for pain behaviors 2 h after surgery. Subsequent behavioral testing was performed 30 min after repeat intrathecal injection of ketoprofen or vehicle on PODs 1 and 2.
Drug Assays
In rats receiving Ketoprofen SR, blood samples (0.5 mL) were obtained from the tail vein after behavioral testing on Days 2 and 8. Samples were centrifuged at 12,000g for 5 min, and 250 L of serum was frozen at Ϫ70°C. Ketoprofen blood levels were assayed by Covance (Princeton, NJ) using a high-performance liquid chromatography methodology. We measured ketoprofen levels in rats 2 h after parenteral administration using a Waters Q-Tof Premier mass spectrometer, which is a hybrid mass spectrometer with a quadrupole mass analyzer in-line with a time-of-flight mass analyzer. The Q-Tof Premier was interfaced with a Waters Acquity UPLC (UltraPerformance Liquid Chromatograph) equipped with an autosampler. An Acquity UPLC Bridged Ethyl Hybrid C18 (1.7 m, 2.1 ϫ 100 mm) column was used for analyses (Waters Corp, Milford, MA). All comparisons were made to ketoprofen and fenoprofen standard curves.
Statistics
All data were analyzed by Prism 5.0 software (GraphPad Software, San Diego, CA). Withdrawal threshold to mechanical stimuli are noncontinuous and therefore were analyzed with nonparametric tests. The data were expressed as median and interquartile range. Differences were determined by Kruskal-Wallis test followed by Dunn's post hoc test for comparing paw withdrawal threshold after drug to vehicle. For guarding pain scores and withdrawal latencies to heat, data were expressed as mean Ϯ sem. One-way analysis of variance followed by Dunnett's post hoc test was used for comparisons versus vehicle. Unpaired t-test was performed for 2 groups' comparison. P Ͻ 0.05 was considered statistically significant.
RESULTS

Effect of Ketoprofen on Nonevoked Guarding Behavior Caused by Plantar Incision
In the group of rats treated with saline, the mean cumulative pain score increased from 0.0 Ϯ 1.0 to 17.9 Ϯ 3.2 2 h after incision (Fig. 1A) . These scores in the control group were similar to scores in untreated rats from previous studies. 19, 20 There was a significant dose-dependent decrease in cumulative pain score for parenteral ketoprofen at 2 h up to 5 mg/kg. Ketoprofen at 5 mg/kg decreased the pain score to 4.8 Ϯ 6.2, and 10 mg/kg decreased the pain score to 4.2 Ϯ 1.9. The effect of parenterally administered ketoprofen on guarding was evident on the first POD for all doses studied and for the first 2 PODs for the 5 and 10 mg/kg groups. Guarding had resolved by Days 3 and 4 (in parenteral group, the baseline score was: 0 Ϯ 0.38, Day 3 score: 4.7 Ϯ 0.75, Day 4 score: 3.0 Ϯ 1.4; P Ͼ 0.05, not significant from baseline).
For the locally treated groups, the mean cumulative pain score for the control (incision only) increased from Ϫ0.4 Ϯ 0.6 to 12.8 Ϯ 3.5 2 h after incision (Fig. 1B) in the incision only group. Pain scores for the incision only and the empty (control) microparticles only group were not statistically different. The lowest dose Ketoprofen SR (5%) significantly decreased guarding pain scores at 2 h to 4.0 Ϯ 3.54. There was no dose-dependent effect; further reductions in pain scores with higher doses of Ketoprofen SR (5.8 Ϯ 4.3 for 20% compound and 2.8 Ϯ 2.4 for 40% compound) were not evident. By the first POD, the highest dose of Ketoprofen SR attenuated guarding pain behavior caused by plantar incision. Later timepoints (Days 2-4) did not reveal a statistically significant difference between any dose of SR ketoprofen and the control group; however, all scores trended to lower than the controls. Pain scores in the control groups had decreased by almost 50% on Day 2.
There was a significant reduction in nonevoked guarding pain behavior 4 h after incision in the group of rats treated with Ketoprofen SR polymer at the highest dose (40%) injected into the subcutaneous tissue at the neck (Fig. 1C ). There was no other effect at other timepoints on guarding with this dose compared with the vehicle polymer placed in the incision.
In the group of rats treated with intrathecal ketoprofen, the mean cumulative pain score for the control animals increased from 0.7 Ϯ 0.4 to 17.0 Ϯ 1.5 2 h after incision (Fig. 1D) . Treatment with intrathecal ketoprofen resulted in a significant decrease in guarding pain score at 2 h (7.6 Ϯ 1.2). The effect of ketoprofen remained significantly different from vehicle control for the first 2 PODs: 8.1 Ϯ 1.3 vs 14.7 Ϯ 1.3 on POD 1 and 5.2 Ϯ 0.8 vs 12.7 Ϯ 1.5 on POD 2 (Fig. 1D ).
Effect of Ketoprofen on Withdrawal Latency to Radiant Heat Caused by Plantar Incision
In the saline-treated group, the mean withdrawal latency to radiant heat decreased from 12.9 Ϯ 0.7 to 3.3 Ϯ 0.8 s 2 h after incision ( Fig. 2A) . Generally, none of the doses of parenteral ketoprofen (0.5, 1, 5, and 10 mg/kg) affected heat withdrawal latency. Only on POD 3 did the 5 mg/kg parenteral dose increase withdrawal latency compared with saline control (P Ͻ 0.01).
None of the doses of locally administered Ketoprofen SR (40%, 20%, and 5%) increased withdrawal latency at any timepoint studied. At some times, the highest dose of Ketoprofen SR decreased the withdrawal latency on PODs 3, 6, and 8. Locally administered vehicle polymer also decreased the withdrawal latency at intermittent times (Fig. 2B ), which may have been due to local irritation by the polymer. Ketoprofen SR polymer injected at the neck did not affect heat withdrawal latency (Fig. 2C ). Intrathecal ketoprofen did not increase withdrawal latency at the timepoints studied ( Fig. 2D ).
Effect of Ketoprofen on Mechanical Hypersensitivity Caused by Plantar Incision
In the saline-treated incised group, the median withdrawal threshold to von Frey filament decreased from 522 to 13 mN 2 h after incision (Fig. 3A) . None of the doses of parenteral ketoprofen (0.5, 1, 5, and 10 mg/kg) increased the withdrawal threshold at any timepoints studied. There was only a trend toward increasing withdrawal threshold in the highest doses of parenteral ketoprofen (5 and 10 mg/kg) at all timepoints studied (Fig. 3A ). We may have been able to detect a difference if more animals were studied.
None of the doses of Ketoprofen SR (40%, 20%, and 5%) increased the withdrawal threshold at any time tested (Fig. 3B) . The highest dose of Ketoprofen SR resulted in a significant reduction in the withdrawal threshold on POD 6. Neither Ketoprofen SR injected at the neck nor empty vehicle polymer applied into the wound changed the withdrawal threshold compared with control incision only (Fig. 3C) .
In the intrathecal group, the median withdrawal threshold to von Frey filaments decreased from 267 to 13 mN 2 h after incision and ketoprofen did not increase the mechanical withdrawal threshold at any timepoint studied (Fig. 3D ).
Ketoprofen Plasma Levels
Two hours after subcutaneous ketoprofen administration, plasma levels were 0.73 Ϯ 0.19, 1.79 Ϯ 0.58, and 8.43 Ϯ 0.68 g/mL after 0.5, 1.0, and 5.0 mg/kg (Fig. 4A ). Plasma concentrations of Ketoprofen SR placed in the plantar incision varied with dose. The plasma concentration was 0.24 Ϯ 0.16 g/mL after the largest dose of polymer was placed into the plantar incision. The smaller doses of Ketoprofen SR resulted in proportional decreases in plasma levels of the drug (0.10 Ϯ 0.04 and 0.02 Ϯ 0.01 g/mL) for the 20% and 5% polymers, respectively). By Day 8, the plasma levels of ketoprofen were negligible for all groups, which suggests that Ketoprofen SR worked as designed and reinforced the concept of a local site of action for ketoprofen. As shown in Figure 4C , the highest plasma concentration of ketoprofen was evident after the largest dose of Ketoprofen SR polymer (40%) was placed into the subcutaneous tissue of the neck (0.63 Ϯ 0.22 g/mL).
DISCUSSION
This study demonstrates that parenteral ketoprofen, in clinically relevant doses (0.5-1.0 mg/kg), produces a modality-specific effect on pain behaviors using 3 different routes of administration. Guarding after incision was decreased in all 3 groups. Parenteral administration produced a dose-dependent effect, whereas locally administered ketoprofen had the same modality-specific effect on pain behaviors after incision, without consistent dose-dependent effects. We found ketoprofen to be effective against guarding using doses that produce analgesia and similar plasma levels to those measured in patients. Intrathecal dosing decreased guarding pain behavior as well. Dosing regimens were designed to allow for peak effects during pain behavior testing. All routes of ketoprofen administration had minimal effects on heat hyperalgesia. Mechanical hyperalgesia was influenced by ketoprofen administration but not to a significant extent compared with the control groups. This study may have been underpowered to detect a significant difference in mechanical withdrawal threshold because of the variance inherent in von Frey testing.
We have suggested that guarding pain behavior is continuous, unprovoked pain in our postoperative model. It is likely transmitted by continuing neural activity, which is evident in nociceptors 21 and dorsal horn neurons 22 after incision and may be a correlate to pain at rest in patients after surgery. Guarding pain behavior is inhibited by very low doses of morphine (0.03-0.1 mg/kg), 12 much lower doses than those used in most other analgesia studies using preclinical pain models. [23] [24] [25] These lower doses of morphine are within a clinical dosing range for postoperative patients (0.05-0.2 mg/kg). 26 Guarding is also inhibited by local anesthetic administration, nerve growth factor sequestration, and spinal morphine administration. 12, 20, 22, 27 NSAIDs such as ketoprofen are often tested in preclinical pain models as a positive control and validation step in analgesic target development. Typically, very large doses of NSAIDs are used to inhibit pain-related behaviors in a variety of models of persistent pain. 28 In postoperative patients, much smaller doses of NSAIDS are used. 2,29 -32 Ketoprofen has been extensively studied in rat models of persistent pain, with much higher doses needed to reduce pain behaviors (30 -100 mg/kg). 8 In the hindpaw incision model, parenteral ketoprofen did not affect heat hyperalgesia for the first 3 h postoperatively, despite the much higher doses than those used in our study (30 and 100 mg/kg). 8 Prado and Pontes 9 reported that doses of 10 and 20 mg/kg ketoprofen were effective at blunting the mechanical allodynia after hindpaw incision. This tendency was only evident in our highest dose.
Veterinarians customarily recommend doses of ketoprofen at approximately 5 mg/kg after surgery in rats. 10, 11 We found that this dose provided a maximal reduction in guarding pain behavior and that further treatment with larger doses (10 mg/kg) did not reduce the pain score further. The 5 mg/kg dose produced no significant effect on heat or mechanical hyperalgesia. In human trials for postoperative pain, ketoprofen has been used to reduce pain scores and for its opioidsparing properties. Dosages in humans range from 0.5 to 2 mg/kg, [3] [4] [5] [6] although other studies have shown the median effective dose in postoperative patients to be 30 mg, approximately 0.3-0.5 mg/kg. 33 It is significant that we used dosages of 0.5 and 5.0 mg/kg, which are in the range of those used in postoperative patients. These dosages reduced pain behaviors and produced plasma levels of 0.25-8 g/mL, which is in the range of analgesic human plasma levels of 2-10 g/mL. 16, 17 We demonstrated analgesic effects against guarding only. These data add further evidence that guarding, reduced by clinically relevant doses of morphine, may be an important preclinical pain behavior in our model that translates to pain at rest in patients after surgery.
A recent clinical study supports our findings that guarding in rats may have significant translational relevance. Lavand'homme et al. 34 evaluated the postoperative analgesic effect of a continuous infusion of diclofenac into the wound for 48 h after elective cesarean delivery. The infusion significantly reduced postoperative morphine consumption by 18 mg. Thus, in patients, a locally administered NSAID, diclofenac, produced clinically significant analgesia and opioidsparing effects.
The effect of ketoprofen on guarding pain behavior may not be entirely through inhibition of prostaglandin synthesis. Ketoprofen is a NSAID that inhibits the synthesis of arachidonic acid metabolites, including prostaglandins and leukotrienes. Leukotrienes are necessary for the maintenance of inflammatory and cellular proliferation pathways. 35 Leukotrienes have been implicated in the pain caused by nerve growth factor 36 and platelet-activating factor. 37 Therefore, the analgesic effect from ketoprofen may be attributable to an effect on leukotriene synthesis in addition to the reduction in prostaglandins. Other mechanisms, such as N-methyl-d-aspartate receptor blockade, are also possible. 38 Spinal cyclooxygenase inhibitors and prostanoid pharmacology have recently been reviewed by Svensson and Yaksh. 39 Cyclooxygenase isozymes are constitutively expressed in the dorsal root ganglion and spinal cord dorsal horn and can be increased in a variety of pain models. Collectively, intrathecal NSAIDs have been shown to have little or no effect on pain behaviors in models without a component of hyperalgesia and sensitization. However, for models such as the acetic acid writhing test, Phase II of the formalin test, and thermal hyperalgesia by inflammation, intrathecal NSAIDs are very effective. 39 Our postoperative pain model also displayed central sensitization, 22 and this may explain why intrathecal ketoprofen was effective at reducing guarding pain behavior in our model. Our study is also in agreement with others that the antinociceptive effects of intrathecal NSAIDs occur at doses that are largely ineffective systemically. 40 This study demonstrates that ketoprofen is an effective analgesic for nonevoked guarding in rats after plantar incision. There was no analgesic effect on mechanical or heat responses, which highlights the importance of multiple-modality testing of pain behaviors. We found efficacy at doses that produce plasma levels that are similar to the levels produced by dosages that are used for pain relief in patients.
